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In our experiments with methyicholanthrene applications and concomitant
administration of cortisone, special attention was paid to the microscopic ap-
pearance of the pilosebaceous organ during the period of treatment with cortisone
and tumor induction, in comparison with the findings in our corresponding
control experiments. Indications of a relative inactivity of the hair follicles in the
cortisone-treated animals appeared of particular interest (1, 2). This interest
was upheld by the concept of several earlier investigators (3) (4), (5) who empha-
sized the importance of morphologic follicular changes for the development of
chemically induced skin epitheliomas; and even more so by observations of a
relationship between hair cycle and tumor development reported while our
investigations were in progress (6—8).
Montagna and Chase applied a single painting of 0.6% methyicholanthrene in benzene
to the skin of mice during the resting phase of the hair cycle (telogen phase). Under these
conditions they observed complete loss of hair and sebaceous glands, until return of the
growing phase (anagen) of the hair cycle. Hyperkeratosis, as well as hypertrophy of the
epidermal and follicular cells accompanied this disappearance of hair and sebaceous glands
(9, 10). In contrast to this, when they applied the methyicholanthrene solution not during
the resting, but during the growing phase of the cycle—i.e. a few days after hair plucking,
hair growth was undisturbed, the sebaceous glands regenerated rapidly, and there was
only little keratosis and epidermal hyperplasia. Similar differences weie obtained in anal-
ogous experiments in which the painting with methylcholanthrene wt combined with
X-radiation, or in which non-carcinogenic irritants were employed, such a benzene alone,
ether, or a concentrated aqueous solution of secondary potassium phospnate (11).
These findings point in the direction of recent comparative observations concerning a
variable incidence of precancerous alterations and/or of epitheliomas in response to single
external applications of a carcinogen, according to whether the applications were performed
during the growing or the resting phase of the hair cycle. After one application of dimethyl-
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benzanthracene to the skin of four to seven weeks old mice, performed during either the
growing, or the resting phase of the cycle, Andreasen and Engelbreth-Hoim obtained a
significantly higher tumor incidence in the animals treated during the resting phase (7, 8).
Klinken-Rasmussen correlated the result of these experiments with the size of the sebaceous
glands, viz. the higher tumor incidence with a decrease in glandular volume (12—14). In his
opinion, this correlation upholds the concept of a "tumor-protective effect" of the glandu-
lar contents.
Liang and Cowdry who subjected the skin of Swiss female mice to a single painting with
methylcholanthrene (0.6%) in benzene, in a microscopic follow-up study noted early de-
generation or destructive follicular alterations, with loss of the sebaceous glands and forma-
tion of epithelial pearls and epidermoid cysts—almost exclusively affecting follicles which
were in the resting (telogen) phase of the cycle (6). These authors stated that: "this indi-
cates that hair follicles in the period of telogen and late catagen phases are more susceptible
to the carcinogen than in the other phases, and in the period of mid-anagen are more
resistant."
All these reports supported our early impression that the accelerated occur-
rence of tumors upon combination of the carcinogen paintings with cortisone
administration might be due in great part to an inhibition of follicular activity
by cortisone at the time of exposure to the carcinogen. It was the endeavor to
clarify the question of this possible effect of cortisone which focussed our present
investigations upon the microscopic study of the responses of the fofficular
apparatus. The following is a report on the pertinent examinations carried out
thus far.
Our study was divided in three parts:
I. Comparison of the pilosebaceous organ in cortisone-treated and in control
animals on consecutive days of the period of carcinogenic treatment.
II. Examination of the hair follicular cycle in
A) Mice subjected to a single application of methyicholanthrene on
the fifth day after hair plucking and to prolonged administration of
cortisone from the day of painting with the carcinogen;
B) Mice not subjected to cortisone administration, but to plucking and
a single painting with methylcholanthrene;
C) Mice subjected to plucking only;
D) Mice subjected to cortisone administration from the fifth day after
plucking; and
E) Mice subjected to cortisone administration from the day of plucking.
III. Examination of the hair cycle in mice treated with cortisone during the
growing phase—and in mice treated with cortisone during the resting
phase of the cycle.
I. PILOSEBACEOTJS ORGAN DURING TREATMENT WITH METHYLCHOLANTHEENE
AND CORTISONE
Method and Materials
As was indicated in the first report of this series (1), in our mouse experiment dealing
with applications of methyicholanthrene in carbowax, concomitant with injections of
cortisone, skin specimens were excised from the treated skin on 14 of the 21 days of treat-
ment. On each of the selected days, biopsies were performed in at least 10 mice. Correspond-
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a b c
FIG. 2. Microphotographs—all in same magnification, 25 X, hematoxylin-eosin-—of
the three main phases of hair cycle ("skin cycle"): a) Anagen (growing phase); b) Catagen
(transitory phase); c) Telogen (resting phase). Specimens obtained from different female
Swiss albino mice of the same age.
jog specimens were obtained from the control animals which received physiologic saline
solution instead of cortisone injections. The specimens were divided in two parts: one for
fixation in Bouin's solution, preparation of serial paraffin sections, and staining with
hematoxylin-eosin; the other for fixation in formalin, preparation of frozen sections, and
staining with Sudan IV.
Each of these specimens was subjected to careful histologic investigation of the
pilosebaceous organ and the phase of the hair cycle ("skin cycle"), existing at
the time when the biopsy was taken. By and large, our division of the cyclic
phases of follicular activity followed the differentiation introduced by Dry (15)
and adopted by many subsequent investigators (4, 6—8, 16, 17a and b) (see
Fig. 1). Accordingly, we distinguished three phases: 1) growth of the follicle and
of new hair denoted the "growing phase" or anagen (in mice: 17—21 days); 2)
absence of any proliferation denoted the "resting phase", or telogen (duration
increasing with age and varying in different individuals); and 3) the transitory
changes seen during the short period between cessation of hair growth and
complete follicular rest characterized the "transitional phase", "involutional
phase" or catagen (one to three days).
1. During the growth phase (anagen)., there is mitotic activity in one part or
another of the hair matrix, leading to differentiation of the growing follicle's
structure and to development of the hair. Bulb and papilla "move" downward,
until they are embedded in subcutaneous fat tissue, while the hair shaft grows
upward and above and beyond the skin surface (see Fig. 2a). Concomitantly,
the skin becomes much thicker, chiefly on account of an approximately three-fold
increase in thickness of the subcutaneous fat depot—see Fig. 1 (7, 18, 19).
2. During the resting phase or period of "dormancy" (telogen), mitotic activity
is absent and there is no follicular proliferation; one or more club hairs may be
seen in the hair channel which is surrounded by only one sheath of follicular
epithelium (external root sheath). The length of the follicle is reduced to about
one third of the length reached during the growing phase, and its lowest boundary
is situated in the dermis, just below the sebaceous gland (Figs. 1 and 2c). There
is only a thin remainder of subcutaneous tissue.
o a-- — -
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TABLE I
Phases of hair cycle and features of sebaceous gland8 on different days of treatment period
In Mice Treated with Methyicholanthrene in Carbowax
and Concomitant Injections of Cortisone Acetate
In Control Mice Treated with Methyicholan-
threne in Carbowax & Concomitant Injections
of Saline So!.
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0
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10
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* Percentage refers to number of mice from which biopsy specimens were obtained on
day indicated. When sum of percentage figures is in excess of 100, certain specimens showed
more than one phase of hair cycle.
I Second biopsy.
Redifferentiation extensive in all instances.
3. During the short period of transition from growth to rest (between a and c,
Fig. 2) the transitional or involutional phase called "catagen", the hair-club and
its capsule form—and together with the remnant of the follicular base "ascend"
from the subcutis to the position of rest in the corium (Fig. 1 and 2b).
RESULTS
The incidence of each of these three phases, observed on successive days of
our experiment with methyicholanthrene applications in carbowax, concomitant
with cortisone administration—as well as of the control experiment with con-
comitant saline injections, is shown on Table I.
It is apparent that the number of specimens showing "resting" hair follicles
was considerably greater in the mice receiving cortisone thaji in the control
group; and, vice versa, evidence of follicular activity and new growth of hair
was distinctly greater in the control group. This difference was less pronounced
during the first week than later on.
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Some lag is apparent in redifferentiation of the sebaceous glands during treat-
ment with cortisone, as compared with the reappearance of glands in the control
animai.
DISCUSSION
The preponderance of resting follicles in the animals receiving cortisone and of
growing follicles in the control animals is in agreement with the supposition that
cortisone interferes with the fofficular proliferation and differentiation character-
istic of the growing phase of the hair cycle. Since several investigators found the
follicular epithelium to be distinctly more susceptible to the tumor inducing
effect of carcinogenic chemicals when the hair is at rest than when it is growing
(6—8, 10), it would appear plausible that cortisone exerts its accelerating influence
on the incidence of chemically induced skin tumors by interference with follicular
growth.
This interpretation of our histologic findings might not seem quite consistent with our
previous observation (2) that the tumor response after combined use of cortisone and
methylcholanthrene (in benzene) was accelerated most when the steroid administration coin-
cided with the methylcholanthrene applications during the first of the three weeks of
painting—inasmuch as the difference noted between the hair cycle phases in the cortisone-
treated and control animals of our carbowax experiment was most apparent after the first
of three weeks of concomitant treatment. Nevertheless, an early, if relatively scanty in-
hibition of follicular proliferation by cortisone may well be decisive for the accelerated
tumor response, since this promoting influence on carcinogenesis might be outweighed by
the antimitotic effect of cortisone itself, once tumor formation is in progress (20—24). It
furthermore appears pertinent that with carbowax as the vehicle for methylcholanthrene,
depilation (and tumor development) may occur at a somewhat later time after the car-
cinogen applications than in experiments with benzene as the vehicle; and presumably
it is the depilatory effect of methyicholanthrene which is largely responsible for the stimu-
lation of the hair growth which is counteracted by cortisone.1
1 In our methylcholanthrene-carbowax experiment, many of the biopsy specimens which
were obtained by repeat excision after a week's interval from the controls not treated with
cortisone and which included the site of the first injury, showed evidence of new hair growth
in the periphery of the scar tissue, in some instances even in the absence of any follicular
activity in the surrounding skin. This finding conforms with the observation by Chase and
collab. that mechanical trauma leads to follicular new growth around the wound when the
follicles are at rest at the time of trauma (19).
In our experiment, therefore, in which the excisions were part of the procedure, cortisone
presumably counteracted new follicular growth resulting from the excision trauma, in
addition to the regrowth ordinarily resulting from methylcholanthrene.
It is problematic, on the other hand, whether or not changes of the hair follicular cycle
("skin cycle") may contribute to the acceleration in the occurrence of methylcholanthrene
tumors produced by the trauma per se. Possibly, stimulation of hair growth by trauma
causes a tendency of the induced growing phase toward regular termination—and then
somewhat offsets the follicular hyperactivity evoked by methyleholanthrene. In this case,
the carcinogen might act upon a relatively greater number of inactive follicles after the
period of post-traumatic growth. In agreement with this interpretation, we observed a
somewhat more pronounced acceleration of the tumor response by excision trauma, when
the excisions were performed during the first two weeks of painting with methylcholan-
threne, than after excision during the third (last) week.
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Whereas this presentation is focussed almost exclusively on the cycle of the hair follicular
apparatus, it should be borne in mind that the follicular changes represent a partial mani-
festation only, of a cycle actually involving the entire skin (such as cyclic changes in the
thickness of subcutis, cutis, and epidermis, etc. (7, 18, 19))—and thus at the same time
serve as an indicator of peculiarities of the "skin cycle" as a whole.
II. HAIR CYCLE DURING PROLONGED ADMINISTRATION OF CORTISONE AFTER PLUCK-
ING AND SINGLE APPLICATION OF METHYLCHOLANTHRENE. DIFFERENT
CONTROL AND PARALLEL EXPERIMENTS
Method and Materials
In 70 female Swiss albino mice,2 the hair of the interscapular region was plucked when
the animals had reached the age of five months.
Whereas these mice subsequently were divided into groups which were subjected to
different forms of treatment, the hair follicular cycle was followed up uniformly by micro-
scopic examination of biopsy specimens obtained from the plucked area of different mice,
as the experiments progressed. In every mouse of a group, two skin specimens were excised
from the anterior and posterior interscapular region, respectively—at intervals of two
or three days. One to four animals per group were used in this manner for determination
of the phase of the hair cycle on a given day of observation.
There were five experimental groups:
(A) This experiment was somewhat similar to that described by Montagna and Chase
(9). On the fifth day after hair plucking, 15 of the mice were subjected to a single paint-
ing of the interscapular area with methylcholanthrene 0.6% in benzene, by means of a
No. 4 camel's hair brush. Beginning on the first day of painting, every animal was sub-
cutaneously injected with cortisone acetate,3 20 mgm/Kg body weight, on five consecu-
tive days a week throughout the period of investigation.
(B) (Control to A) Fifteen mice were treated like those in group A, but received in-
jections of saline solution instead of the cortisone injections.
(C) Sixteen mice were not subjected to any further treatment after the hair plucking,
thus serving as a "base line" control group.
(D) Eleven mice received cortisone injections, as outlined for group A, from the fifth
day after the plucking.
(E) In 13 mice, the cortisone administration was initiated at the day of plucking.
RESULTS
The results of these experiments, i.e. the phases of the hair follicular cycle
observed on different days after the plucking in specimens from every group, are
shown on Graph I.
It is apparent that the follicles returned to the resting phase more promptly in
group A (i.e. in the animals painted with methylcholanthrene on the fifth day
after plucking, and then treated with cortisone) than in group B (in which
methyicholanthrene was applied, but the cortisone administration omitted).
This difference was most apparent after the third week, after which time follicu-
lar proliferation prevailed in the animals not treated with cortisone.
In group C, treated neither with methylcholanthrene nor with cortisone, the
2 Carworth Farms, Inc., New City, Rockland County, N. Y. The animals received un-
restricted amounts of Rockland mouse diet and water.
Diluted suspension in saline; 1.5% suspension was kindly supplied by Merck & Co.,
Rahway, N. J.
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GRAPH I
A) Subjected to one painting with methyicholanthrene (0.6%) in benzene on 5th day after
B) Subjected to one painting with methyicholanthrene (0.6%) in beuzene on 5th day after
C) Not subjected to any treatment.
D) Subjected to injections of cortisonet from 5th clay after plucking.
E) Subjected to injections of cortisone from day of plucking.
Symbols for Phases:
Groups Days after Plucking 5th 10th 13th 15th 17th
A Animals (identification
no.)* and site of biopsy
Phasesofcycle
la
<
2a
¶
<
ip
<
2p
<
3a
<
3p
<
4a
<
5a
<
4p
<
5p
<
6a
—
<
tip
—
7a
<
8a 7p
< <
B Animals (identification no.)
and site of biopsy
Phasesofcycle
16a
<
17a
¶
<
16p
<
lTp
<
18a
<
18p
<
19a
<
20a
<
19p
<
2Op
—
<
21a
<
Zip
<
22a
<
23a 22p
<7
C Animals (identification no.)
and site of biopsy
Phasesofcycle
la
<
2a
<
ip
<
2p
<
3a
<
3p
<
4a
<
5a
<
'ip
<
5p
<
6a
<
6p
<
7a
<
8a 7p
< <
D Animals (identification no.)
and site of biopsy
Phases of cycle
17a
<
18a
<
l7p
<
l8p
<
19a
<
lOp
<
20a
<
21a
<
20p 2ip
/ .(
22a 23a
< /
E Animals (identification no.)
and site of biopsy
Phases of cycle
28a
<
29a
<
28p
<
29p
<
30a 30p
<
31a
<
32a
—
3lp 32p
—
33a
—
* Female Swiss Albino, five months of age.
f Subcutaneous injection of cortisone acetate (20 mgm/kg body weight) five times per week, until
end of experiment.
1 Subcutaneous injection of saline solution five times per week, until end of experiment.
hair follicular response to plucking4 was very similar to that observed during
cortisone administration after painting with the carcinogen (group A). In both
groups the follicles were at rest in nearly all specimens from the 24th day—
throughout the remaining period of observation.
The cycle showed nearly the same course also in group D in which cortisone
treatment was initiated on the fifth day after the plucking, i.e. on the day when
methyicholanthrene was applied in groups A and B.
The d&iration of the growing phase observed in our animals (except for groups B and E)
was of the same range as that observed generally by other investigators after plucking, as
well as under natural conditions.
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PHASES OF HAIR CYCLE OBSERVED ON DIFFERENT DAYS AFTER HAIR PLUCKING IN MICE*
plucking and to subsequent injections of cortisone.t
plucking and to subsequent injections of saline4
Growing Phase: < Catagen: / Resting Phase :_**
20 lb 22nd 24th 27th 29th 31st 34th 36th 38th
8p 9a 9p iOa ha lOp lip 12a 13a l2p i3p 14a 15a i4p i5p
/ - - ;; -
23p 24a 24p 25a. 26a 25p 26p 27a 28a 27p 28p 29a 30a 29p 30p
—
< 7 < < <
—
7
—
7
—
7 < — —
—
7 <7
8p 9a 9p lOa ha lOp lip 12a i3a i2p i3p 14a 15a l4p l5p 16a l6p
< 7 7 7 -
24a 23p 24p 25a 26a 25p 26p 27a 27p
' —
34a 33p 34p 35a 36a 35p 36p 37a 38a 39a 40a 37p 38p 39p 4Op
<
—
< < .,—
—
<
—
—
< <
—
I
— — < — — —
§ a: Biopsy obtained from anterior part of p1ucied (interscapular) area.
p: Biopsy obtained from posterior part of plucked (interscapular) area.¶ I-'ainting of animals (groups A and B) with methyicholanthrene.
** Several signs in combination indicate that more than one phase existed in one and the same specimen.
In group E, however, which was treated with cortisone immediately from the
day of plucking, the features of the cycle were different. In several specimens the
resting phase was encountered relatively early, namely during the second and
third week after the plucking; and during the fourth and fifth week growing, as
well as resting follicles were found side by side in most of the specimens, at a time
when the cycle had returned to rest in groups C and D.
DISCUSSION
The fact that after the application of methyicholanthrene, new growth of hair
was impeded for a while by administration of cortisone (findings in group A, as
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compared with findings in group B), substantiates our assumption of an interfer-
ence of cortisone with follicular regrowth. This finding also supports our hypoth-
esis explaining on this basis the accelerated tumor response in the previously
reported experiments with cortisone (1, 2, 25, 26).
It is pertinent in this connection that follicular growth continued to occur
beyond the third week after plucking in a number of mice painted with methyl-
cholanthrene but not treated with cortisone (group B, Graph I). We believe that
it is this effect of methylcholanthrene which is suppressed by cortisone.
The late occurrence of follicular regrowth upon exposure of the plucked skin
to methylcholanthrene, as observed in group B at a time when all follicles had
returned to rest in the group subjected to plucking only (C), could not possibly
have been noted by Montagna and Chase (9), since in this experiment the period
of examination did not extend beyond the 19th day after plucking.
The results presented in Graph I further reveal that cortisone does not interfere
with new growth of hair, unless given at the time of stimulation andjust before the
start of growth. Thus the specimens of group fl—and similarly even those of
group A—in which cortisone treatment began on the fifth day after plucking,
hardly showed any disturbance in the growth evoked by plucking. When, how-
ever, cortisone was administered from the day of plucking (group E), there were
indications of impeded new growth in several specimens excised during the early
period in which growth should have taken place. What appeared to be a retarded
follicular proliferation was noted later on, combined in several specimens with
remaining inertia of some of the follicles at a time when the resting phase pre-
vailed in the other groups (A, C, and D).
Admittedly, other interpretations of the observations made in group E are possible.
The instances of follicular rest encountered soon after plucking could be a result of pluck-
ing from growing, rather than from resting follicles, viz, when either new hair had grown
sufficiently high above the skin surface, or when club hair had remained in newly pro-
liferating follicles. Such "ineffective plucking" would of necessity be followed by com-
pletion of the growing phase already under way—and by the resting stage thereafter.
This interpretation, nevertheless, appears remote for our findings in group E—the more
so as no comparable findings were noticed in the controls (group C).
The sequence of events observed in group B might furthermore be suggestive of a shorten-
ing influence of cortisone on the growing phase, which would account for early return
to rest, etc. In the light of some of our other findings, however, an influence of this kind
appears highly improbable (cf. Part III).
The observation of impeded follicular regrowth during treatment with cortisone is in
line with the early findings of Butcher who in rats induced hair follicular activity by ad-
renalectomy (16) (17 a and b), as well as with the reports of Baker and collab. who inhibited
hair growth in rats by painting the skin with adrenocortical extract or certain adreno-
cortical steroids—and in one rat by feeding the extract through a stomachi tube (27) (28).
III. HAIR CYCLE IN MICE TREATED WITH CORTISONE DURING THE GROWING PHASE—
AND IN MICE TREATED WITH CORTISONE DURING TUE RESTING PHASE
Met hod8 and Materials
Twenty female Swiss albino mice were employed in the study.
Group I: In 10 of these, the hair of the back was plucked at the age of 13 weeks. Begin-
ning three weeks thereafter, when the hair cycle was expected to have returned to the
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resting stage, five of the animals received cortisone acetate by subcutaneous injection of
20 mgm/Kg body weight, on five consecutive days per week, for a period of two weeks
(group A). The other five mice did not receive any injections and were used as controls
(group IB). Skin specimens for biopsy were excised from the back of each animal 3, 8, 16,
18 and 25 days, respectively, after cortisone treatment was started in group IA. The exci-
sions were performed along the vertebral line anterior-posteriorly, the first excision be-
ginning at the nape of the neck, and the fifth excision ending near the root of the tail.
Group II: The other ten mice were subjected to hair plucking three weeks after the
plucking of group I. From the day of plucking, i.e. from the day at which follicular new
growth was expected to start, cortisone was administered in five of the animals (group hA)
as outlined for group IA. The other five mice were used for control examinations (group
JIB). In all animals, skin specimens were excised for biopsy in the same sites and on the
same days as in group I.
In both, groups I and II, therefore, the animals were of precisely the same age when the
hair follicular activity was investigated.
RESULTS
The findings obtained in each animal during the course of these experiments
are shown on Graph II.
Group I: In both the cortisone-treated group and the control group examined
beyond the third week after plucking (IA and TB), the resting phase of the hair
cycle prevailed in the first two series of biopsy specimens.
A few specimens showed follicular activity during the fourth week, which may well be
in continuation of the response to plucking. In the control animals, on the other hand, one
or another "irregularity" was noted during the sixth and seventh week, i.e. follicular
growth when rest appeared more likely regarding the average schedule of the cycle (animal
No. 201)—or follicular inactivity when growth was expected (animals No. 204 and 205);
such irregularities may occur not only after "ineffective plucking" (see above, Part II),
but may as well reflect the generally recognized fact that the hair cycle affects different
skin areas in waves which at times are far apart from each other.
The most important finding in group I is the stage of follicular rest noted
uniformly during the sixth week in the five cortisone-treated mice, while follicular
proliferation was preponderantly apparent in the control group which had re-
ceived no cortisone, and even in the seventh week, the follicles remained at rest
in two of the cortisone-treated animals.
Group II: The striking finding in this group is the failure of all five cortisone-
treated animals to show any signs of follicular growth three days after plucking
and initiation of the cortisone injections. Five days thereafter, only, some evi-
dence of follicular activity was apparent in the specimens from two of these
mice.* The period of growth, therefore, induced by plucking in this group (ITA)
was lagging behind the growth period induced simultaneously in the control
group not receiving cortisone (JIB).
"Ineffective plucking" apparently had occurred in two of the control mice
(Graph II, animals No. 402 and 405): the proliferative phase of a priori active
follicles had to reach completion and of necessity was followed by the resting
stage.
* In more recent experiments, continued cortisone administration has inhibited follicular
regrowth for as long as 19 weeks after the plucking.
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GRAPH II
PHASES OF HAIR CYCLE IN MICE, 16 WEEKS OF AGE (FEMALE, SWISS ALBINO)
Group IA—injected with cortisone* during 4th and 5th week after plucking of hair.
Group TB—Controls, not treated with cortisone (examined from 4th week after plucking).
Group hA—injected with cortisone* during 1st and 2nd week after plucking of hair.
Group JIB—Controls, not treated with cortisone (examined from 1st week after plucking).
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*Subcutaneoi55 injections of cortisone acetate (20 mgm/Kg body weight) on five days per week, for
two consecutive weeks.
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DISCUSSION
In full agreement with our supposition that cortisone administration produces
an inhibitory effect on hair follicular proliferation, the results of this comparative
assay demonstrate protraction of the phase of follicular rest when cortisone is
given after a period of deliberately induced follicular growth. Similarly there is
an inhibition of the normal prompt regrowth, when cortisone is given at the
time of deliberate growth stimulation.
The findings observed in our control groups, in particular in group JIB (Graph II, ani-
mals No. 402 and 405), reveal furthermore that timing of the phases of the hair follicular
cycle is difficult even in simple plucking experiments, and possible perhaps only by ap-
proximation.
In their aggregate, the features observed at the pilosebaceous apparatus in our
tumor experiments, as well as in our parallel studies point toward inhibition of
hair follicular proliferation and differentiation, as a mechanism underlying the
accelerating effect of "early" cortisone administration on the occurrence of chemically
induced skin tumors.
It would appear plausible that hair growth and intense follicular proliferation, as noted
in response to methylcholanthrene without concomitant cortisone treatment, might some-
what delay carcinogenesis through continued, more or less physiologic structural differen-
tiation. Cortisone, on the other hand, reducing hair follicular activity—by this shift toward
the stage of "senile atrophy" may give rise to a greater tendency of the remaining pilose-
baceous cells to undergo atypical proliferation.
SUMMARY
(1) In a large group of mice in which the occurrence of skin tumors in response
to paintings with methyicholanthrene was accelerated by concomitant subcu-
taneous injections of cortisone, the pilosebaceous organ was investigated micro-
scopically. On consecutive days of the treatment period at least ten animals per
day were thus studied, and the biopsy findings compared with the follicular
apparatus in control animals not treated with cortisone. Hair growth was at
rest in a considerably larger number of cortisone-treated animals than of the
control animals. This difference was more pronounced during the last two weeks
than in the first week of the three weeks' treatment period.
(2) a. A group of mice was subjected to a single painting with methylcholan-
threne on the fifth day after hair-plucking and to continued subcutaneous corti-
sone injections from the day of painting. In these animals the hair follicular activ-
ity returned to the resting stage more promptly than in the control group not
treated with cortisone.
b. In another control group, treated neither with methyleholanthrene nor
with cortisone, the hair follicular response to plucking was nearly the same as
that observed during cortisone administration after painting with the carcinogen.
c. In a parallel group in which cortisone injections were started on the fifth day
after plucking, the hair follicular cycle did not differ materially from that ob-
served without cortisone administration.
d. When cortisone treatment was initiated on the day of plucking, however,
the fofficular resting stage was encountered in several animals relatively early.
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But a retarded follicular growth became manifest in a considerable proportion
of the specimens later on, when the cycle had returned to rest in the plucked
animals not treated with cortisone, or injected from the fifth day after plucking.
(3) a. In each of ten mice the hair cycle was investigated on five different days
beginning from the fourth week after hair plucking, i.e. at a time when the hair
cycle was expected to have returned to the resting stage. Five of these animals
received cortisone subcutaneously during the fourth and fifth week after plucking.
The other five received no cortisone and served as controls. In all five cortisone-
treated animals the follicles were still at rest during the sixth week, while follic-
ular proliferation prevailed in the controls; and in two of the cortisone animals
the resting stage continued even during the seventh week.
b. Another ten mice of this lot were plucked (three weeks later than the pre-
ceding group (a)); and five of the animals received cortisone like those of the
other group, but from the day of plucking, i.e. at a time when ordinarily new
hair growth would occur. In none of these animals was there any evidence of
fofficular growth three days after the plucking, whereas growth prevailed in the
control mice not treated with cortisone.
(4) All observations made in this study sustain our earlier hypothesis concern-
ing the acceleration in the tumor response to methylcholanthrene noted by us
after cortisone administration during exposure to the carcinogen. This hypothesis
states that the accelerated tumor formation noted in animals treated concomi-
tantly with systemic cortisone and local methylcholanthrene applications is
largely due to interference of cortisone with hair follicular growth. Our assump-
tion in this regard is supported not oniy by the present experiments but also by
the results of other investigators demonstrating a greater susceptibility of the
follicular epithelium to the carcinogenic effect of chemical agents when the agent
is applied during the resting phase of the hair cycle, than when it is applied
during the growing phase.
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DISCUSSION
DR. FRANZ HERRMANN (in closing): Two basic questions might arise: (1)
How may cortisone produce retardation of follicular growth? and (2) What
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mechanism may be responsible for the greater susceptibility to chemical induc-
tion of tumor formation when the hair follicles are at rest?
In answer to the first question, the recent report by Montagna and Loewenthal
appears pertinent who demonstrated inhibition of hair growth by starvation and
correlated this inhibition with glycogen depletion of the external root sheath
(Journ. Invest. Dermat., 24:429, 1955). It is quite conceivable that our cortisone
injections resulted in glycogen deficiency of the follicular epithelium.
Regarding the second question, I am inclined to assume that faulty regenera-
tion of the sebaceous glands is at play. Among several points supporting this
assumption I should like to mention the studies by Montagna and Chase who—
after a single application of methylcholanthrene—observed immediate efface-
ment of the glands (Anat. Rec., 107: 83, 1950); this was followed by rapid repair,
when the carcinogen was applied during the growing phase of the hair cycle,
whereas the glands began to redifferentiate only during the subsequent period of
follicular growth, when the carcinogen was applied during the resting phase.
The start of this redifferentiation was characterized by perinuclear accumulation
of lipid droplets ("Golgi bodies") in groups of epithelial cells, situated in the
upper part of the outer root sheath. The microscopic picture resembled that of a
peculiar fatty "degeneration". It would appear conceivable that a disturbance
of this delicate cellular metabolism, e.g. by further applications of methyichol-
anthrene, may result in atypical redifferentiation and proliferation.
Another point suggestive of an important role of sebaceous gland regeneration
for our results is the relatively high incidence of sebaceous adenomas among
our tumors. These appeared preponderantly under conditions under which
presumably cellular damage by the carcinogenic applications was relatively
mild; e.g. during the early or the late periods of tumor development, or in regions
outside the area painted with the carcinogen solution. The features of our seba-
ceous cell tumors will be described in a special communication.
